This study aimed to investigate the impacts of fluctuations in agricultural production, consumption and marketing bottlenecks on main food prices in Gadarif State, east of Sudan in the period of 1996 to 2011. On the supply side, an adjusted Nerlovian model of supply response was used to calculate elasticities of prices of selected agricultural products. On the consumption side, the distribution of the agricultural supply among local consumption and external export was analyzed. The price margin of these products was calculated to explain how this margin is shared by the different market players. With reference to results of this study, supply response analysis of sorghum and sesame showed that production did not respond to finance or price factors, indicated by the low elasticities. Analysis of marketing channels of the above crops showed that the various fees and taxes imposed on different crops have weakened the competitiveness of export of these crops and hindered farmers from gaining reasonable revenues. Thus, prices of these crops in some seasons exceeded the world prices. Results of the price margin showed that the real producers receive the minimum price margin as compared to the other market players.
INTRODUCTION
Production, marketing and finance are essential ingredients that promote effective business management. On one hand, the objective of the supply side analysis in agriculture aims to investigate the effect of different factors responsible for fluctuations in agricultural production. On the other hand, analysis of agricultural commodities consumption provides the patterns and trends of cereals consumption and the shift in demand, completes the picture of food security in the country, and helps in developing food policy strategies. From the marketing aspect, an efficient and effective marketing system is necessary to enable agricultural business corporations and speculators. Therefore, it is necessary to direct emphasis on this aspect to improve the situation of farmers and protect them through enhancing basic infrastructure, improving handling methods and implementing better working practices.
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Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License regressions and simultaneous equations are used to estimate elasticities of production functions' arguments of selected crops. The basic model used in this study is based on Nerlove (1985) which is considered as one of the successful methods in supply response literature. This model enables one to calculate short-and long run elasticities and gives the flexibility to introduce non-price shift variables in the model. These non-price variables are rainfall, acreage, temperature, risk and related variables. In this context, the surveys of Cummings (1976, 1977) provide clear evidences. Empirically, many studies have been conducted to test the supply response of agricultural products. For example, a wide study of food price in Sub-Saharan Africa conducted by Minot (2014) concludes that there is little or no evidence to show statistically significant increase in food price volatility in Africa. With reference to market channels, in practice, the flow of agricultural commodities starts at the farm and goes directly to rural markets where products are stored or passed to secondary markets where intermediaries or middlemen and wholesalers start to purchase sizable amounts of stock and convey it to primary or main markets and/or for storage. From these final market places, the products are usually sold to retailers, wholesalers and big companies for export.
The importance of market chain analysis is that it facilitates an understanding of the allocation of many costs incurred along the value chain to the corresponding transaction levels. Therefore, adequacy in information and knowledge obtained on market costs and margins by different players help not only in understanding the market situation, but also in enhancing competition along the food chain and reducing price volatility and costs (FAO, 2011) .
Thus, the aim of marketing margins analysis is usually to help in market integration by showing the efficiency of the market and the spread of the margins among different players of the market. Therefore, the emphasis will be on the farmers' share that would push production and marketing mechanisms for the achievement of food security and social welfare objectives. In the context of agricultural marketing, many studies reveal that farmers lose more on the prices of their products. For example, in Uganda, Davis (2015) reported that mango farmers experience up to 30% post-harvest losses and 58% are sold to brokers. Furthermore, Leonuda et al. (2015) argued that majority (58%) of geographically separate from the markets, poor local road networks and poor access to market information. In very recent analysis of market chain in Ethiopia, Getahun et al. (2017) stated that entrance and exit in the smallholder farmers of Kiolo district in Tanzania sold their products to intermediaries due to the fact that they are fruits markets of Maji Zone are blocked by licenses and access to channel that links producers to local wholesalers through brokers with concentration ratio ranging from 42 to 91.1%.
Along the same line, a study of food supply chains in Tanzania carried out by Isakson (2014) concludes that small-scale farmers are strongly hit as they have become more uncertain and weaker vis-a-vis as other actors in the agro-food supply chain.
In the Sudan, Yousif (2010) argued that the market margin shares of Sudanese sesame exporters exceeded those of assemblers, that is, the share of the farmers' price is 75% of the export price and the share of the exporters exceeded that of intermediaries. Abdalla et al.'s (2015) study on banana marketing in the Sudan reveals that the price gained by wholesalers is higher than that of retailers.
Gadarif State, according to the Strategic Planning Council of the State (2012), provides a considerable amount of the whole country's and region's food need (about 30 to 40% of total country production of sorghum; 40 to 50% of total country production of sesame; 20 to 30% of total country production of millet and 15 to 20% of total country production of Gum Arabic). However, the state suffers from high food price instability over the past years which jeopardize the food security of the country as a whole.
In spite of government and non-government bodies efforts to improve production and productivity in Gadarif State's agricultural sector, the situation of smallholder farmers remain worst. Nonetheless, efforts to promote market channels, identify and reduce agricultural production bottlenecks and provide efficient marketing co-ordination for small farmers are necessary for price stability and food security.
From the marketing aspect, the inefficiency of basic cereal markets caused by the intervention of many players has resulted in poor situations of smallholders and increased smuggling through the boards to neighboring countries. Thus, investigation of different chains in these markets is needed.
For many years, it has been widely observed that farmers in the state fail to sell their produce at reasonable prices. Consequently, they fail to fulfill their financial obligations towards the banks thus, a number of farmers, especially smallholders, have been imprisoned.
This study aims to provide a comprehensive analytical framework on production and consumption trends and marketing efficiency of basic cereals in Gadarif State during the period 1996 to 2012 with the aim of developing policy options that can help the real producers of agricultural commodities to promote production and get a fair proportion of benefits through more efficient marketing.
DATA AND METHODOLOGY
For the purpose of this study, the supply response analysis, the Nerlovian model was adjusted to include the following explanatory variables: price, acreage, rainfall and agricultural finance as shown in the following function:
Pt , At, Ft and Rt are production of the particular crop, price, acreage, finance devoted to the agricultural sector and average rainfall, respectively, in time (t). Based on this function, the following equation in its logarithmic form was estimated for each crop:
where 0 a is the vector, 1 a to 4 a are the elasticities of production to particular factors and Ut is the random variable.
With reference to the rain variable, as in the literature, a deviation of less than 20% from the optimal rainfall for the particular crop is normal for the total in a given region Mythili, (2006) . Regarding the area variable, it is important to distinguish between small and large farmers. Small farmers face more constraints in responding to area than the large farmers who can respond more flexibly.
Considering the price variable, as the lagged price is expected to affect the current production thus, it should be noted that an increase in prices might also encourage more marginal inferior lands, which were previously not cultivated. This of course may reduce average yield. In addition, the relative price of substitutes may be used instead of the price of a measured crop.
To adapt the literature of supply response to the situation of Gadarif State, agricultural finance variable was introduced to the model, as it constitutes about 60% of the total finance in the state (MoA&F 2012). Hence, it is expected to impact positively on the production of basic crops in the state.
To analyze trends in the State's basic cereals production during the study period, ratio and growth analysis was used, while ordinary least squares (OLS) technique was utilized to capture the production response and area cultivated to several explanatory factors.
Marketing channels for selected commodities in Gadarif State
In Gadarif State, there are many players from the farm gate to the final consumers for the main cereals. These include intermediaries, brokers and wholesalers in large markets. Thus, the price of the consumer reflects the share of all these actors. However, the basic production chain of cereals in Gadarif State can be explained as follows successively:
1. Farm gate producer: located near large agricultural schemes or small holders in rural areas where the commodity is firstly exchanged. Thus, the price is in its lower level. 2. Assembly: where small sellers or the producers themselves collect small farmers' quantities. This channel helps in enabling sellers of small quantities from remote areas to meet distant buyers and dealers. 3. Wholesale: where traders of assembly markets sell to relatively large-scale traders with larger amounts of the particular product. Usually, wholesalers move their quantities in terms of sacks, (Guntar or Ardab) to the central markets for local consumption, incountry or for export. 4. Retail or Consumer: where agricultural commodities reach their final users. Thus, quantities are in small volumes such as sacks, (Keila and Malwa). This distribution or exchange takes place in markets of cities or villages.
Share of different market participants
The percentage shares of different market players are calculated as follows:
Or it is the sum of wholesaler and retailer.
Alternatively, the difference between the retail price and the farm gate price can be calculated as percentage of the farm gate price to give the percentage of total mark-up as follows:
Finally, marketing efficiency (MEFF) is known as the maximization of the input-output ratio. Calculation of this indicator enables identification and then promotion of the marketing services of the particular commodity. It is calculated as follows:
 
If this ratio is above 50%, it means that marketing cost is less than production cost and vice versa.
Two sets of data were used in this study. MoA&F of Gadarif State provided secondary data of cereals production, area cultivated and productivity. Gadarif Crops Market provided prices of cereals and the fees structure.
Primary data used in the study was provided from surveys carried out on markets of different parts of the state considering the homogeneity of the farmers in these areas to measure the spread of market surplus. These areas include villages of Miskeen, Ardeib Eltijani and Umkoraa.
GADARIF STATE: A SOCIOECONOMIC REVIEW
Gadarif State, together with Kassala and Red Sea States, comprise the region of the Eastern Sudan as defined by the Eastern Sudanese Peace Agreement (ESPA). The state is located between longitudes 33° 30' and 36° 30' to the East, and latitudes 12° 40' and 15° 46' to the North. Gadarif state shares an international border with Ethiopia from its east direction.
The state's total population is estimated to stand at some 1.35 million people with an annual growth rate of 3.87%. Over two-thirds of the populations live in rural areas and population density on a statewide basis stands at about 19 persons per kilometer. The total area of Gadarif state is calculated to be about 71,000 km (Central Bureau of Statistics, Gadarif State 2011).
Geography and natural resources
Many seasonal rivers pass across the state from south to north. These include Rahad, Saiteet, Basalam and Atbarawi. Furthermore, North and Northwestern parts of the state are semi-dry in character with an annual average of 100 to 500 mm rainfall from July to October, the majority of the state, especially in the south receives somewhere between 500 and 900 mm of rainfall in the rainy season.
With reference to the animal resources, the state has a herd of about 6.6 million heads of different types of livestock (MoA&F, 2012) . Semi-mechanized farming in Gadarif state constitutes the backbone of the state's economy and is considered the most important source of employment for the state's residents.
However, the absence of land rotation and the over-cultivation of existing tracts of land have led to the deterioration of soil quality; the decline of biodiversity and the spread of deforestation in recent years. These threats range from flooding along the major rivers to crop diseases and pestilence as well as severe deforestation.
Agricultural systems
Agriculture is the main activity in Gadarif State. Hence, about 70% of the populations are working in the agricultural sector. The cultivable area is about 11.3 million (feddans) of improved and fertile lands (Abdelrahman, 1996) .
There are two major types of agricultural systems in the state: Rain fed and irrigated agriculture. The irrigated agriculture exists in the Rahad scheme. The scheme is shared between Gadarif and Gezira State by 45 and 55%, respectively.
The rain fed agriculture is divided into two types: traditional and semi-mechanized farming. The semi-mechanized agriculture covers most of the rain fed areas. Therefore, the state is considered as the pioneer for this type of agriculture in the Sudan. It started in the area of Gadambelya-45 km west of Gadarif city in the 1940s and then expanded to most rain fed areas and became the main producer of sorghum and sesame in the country. Nevertheless, this type of agriculture is commercially oriented and most farmers depend on bank credits to finance their activities.
Traditional rain fed agriculture on the other hand exists around the villages in small farms known as Bildat. The main crops cultivated here are sorghum, millet and sesame for subsistence purposes. Farmers practicing this type of agriculture use traditional forms of finance to run their activities. These forms are locally known as Sheil (traditional form of crediting: the case of selling crops (always with low price) by money paid in advance); Katafally (the case of transferring an asset possession or property at lower value; and Kasir (the case of selling commodities in advance payment at low price). Small farmers used to engage in these types of costly forms of finance due to the difficulties in accessing the bank credits.
The total agricultural land (11.3 million Feddans), according to the Strategic Planning Council of Gadarif State (2012) is distributed among the different types of farming and forestry as follows:
1. Total arable land: 8.602.600 Feddans 2. Forestry: 2,732,700 Feddans 3. Grazing: 4,200,000 Feddans Gadarif State, according to the same source contributes to the agricultural production of the whole country as follows:
1. 30 to 40% of total country production of sorghum. 2. 40 to 50% of total country production of sesame. 3. 20 to 30% of total country production of millet. 4. 15 to 20% of total country production of gum Arabic.
With regard to the users of the agricultural land, according to the Agricultural Mechanized Corporation (2011), they are classified as follows:
1. Very large lease holders: constitutes only 0.9% of total land users, reflecting inequitable share of land. 2. Large scale lease holders: 36%. This group includes farmers who own land larger than 1,500 Feddans 3. Lease holders with 1,000-1,500 Feddans: 35%. 4. Leaseholders with 500-999 Feddans: 20% 5. Small holders: Bildat around villages: 5-40 Feddans. 6. Corporations: renting land from large scale holders Table 1 shows the classification of farmers and their cultivated areas in thousands Feddans. Table 1 shows that 40.4% of the total cultivated area is unregistered. This may be the reason why farmers do not declare their real land area to avoid paying registration fees imposed by MAC. The same reason is valid in the case of Bildat; that is the total area of Bildat seems to be too inflated (26.9% of total arable land).
RESULTS

Supply response analysis
Sorghum
This is the main cereal in the state, and in some years, the production of the crop reaches millions-tons. The state serves local consumption and most of the needs of other parts of the Sudan.
Production trends
Considering the price and the production of sorghum, as shown in Figure 1 , one can observe the positive relation between the production and the price, that is, the increase in price encourages the farmers to increase the area cultivated and consequently the production. Figure 1 also shows that the rapid fluctuations in price of sorghum cause uncertainty in farmers' forecasting and planning for production.
Supply response analysis of sorghum
In some studies on agricultural supply response, acreage equation is used to capture the supply response of some crops instead of the production by adding its l agged values to the arguments of the acreage function. In this context, the regression of the acreage of sorghum runs in the following predictor variables: rain (R), price (P), finance (F) and acreage (A) in the logarithmic form using data of the period, (96/1997-2010/2011) to estimate the elasticities of acreage to the above factors. Using OLS technique, the results of the regression are shown ( Table  2) . Results of Table 2 revealed that of the four independent variables used, only the lag of acreage was found to be significant to the acreage of sorghum. This is because the crop has no substitute. Therefore, farmers continue to cultivate the same area under all circumstances. Moreover, it is found that about 99% of the variations in acreage are explained by variations in rain, price, finance and lag of acreage. relation of the two variables is clearly observed as confirmed by the results of the regression. Table 3 shows the results of production of millet regression to the explanatory of lag of its price, finance, rain and acreage in the logarithmic form during the period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . According to Table 3 , results of the millet production regression shown that of the four explanatory variables used in the model, the area cultivated by millet and the price were found as significant for the millet production with elasticities of 0.95 and 0.3, respectively. The low elasticity of price indicates the weak effect of price on the production of millet. With regard to the finance factor, the production of millet was found to be insignificant, indicating the neutrality of finance. This result is attributed to the fact that, according to the experience of the farmer, there is highly misalignment between the flow of the finance and agricultural activities. In addition, it is observed that many farmers direct the agricultural finance to other purposes rather than agriculture. Table 4 below shows the results of the acreage of millet response to variables of price, agricultural finance, lagged values of acreage and rain falling during the period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . The results above revealed that among all explanatory variables of the acreage equation of millet which include lagged values of prices, finance, acreage and the rain falling, only the cultivated area of the past year was found to be significant. These results are attributed to the fact that the crop receives no attention of most farmers since it is not used for local consumption or export.
Millet production trends
Supply response analysis of millet
Acreage equation
Sesame
Production trends
Regarding the paths of production and prices of sesame as shown in Figure 3 , no significant correlation was observed between the two paths of production and price.
Supply response of sesame
In this context, two equations were attempted: production and acreage. The explanatory variables of the production function are acreage, agricultural finance, price of sorghum and the rain.
Production equation
Results of regression of the period (96/1997-2010) for sesame production are shown in Table 5 . Table 5 shows that 67% of variations in sesame production are explained by variations in acreage, price, agricultural finance and rain falling, and the remaining 33% is caused by qualitative variables not included in the model; for example, the higher production cost and timing of the finance. Of all the explanatory variables tested in the model, only the acreage cultivated was found to be significant for production of the crop during the period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Table 6 shows the response of the area cultivated by sesame to the same explanatory variables of the above production equation. Of all the explanatory variables shown in Table 6 , rainfall and lag of area cultivated were found to be significant for the area cultivated with the crop. The inappropriate timing of finance and the influence of share of different market players were thought to be responsible for this result.
Acreage equation
Marketing analysis
Gadarif Crops Market is considered as the largest crops market in Sudan. It contains one of the two largest crop stores of the country. The capacity of the store is 100,000 tons or (1,000,000 sacks). 
Fees and taxes
The government of the state imposes various fees on marketing services. Table 7 shows the marketing services fees scheme for selected crops in Gadarif Crops Market (issued in November 21/2011).
In-country transport fee
This fee is imposed on the quantity of crops transported from Gadarif state to other states of the country. Table 8 shows this fee for different crops.
Total cost of exporting selected oil seeds at Port Sudan in 2011
Tables 9 and 10 show the cost of exporting one guntar of sesame and sun flower from Gadarif Crops Market to Port Sudan in 2011. The higher cost of production due to services and other various fees on sesame made the crop un-competitive as compared to other producer countries of the crop. Thus, farmers and traders of the crop prefer to sell it to the local users, namely the oil producers. According to Table 10 , various taxes and services fees imposed on the crop have increased the total cost of the ton of sun flower to about 15% of its price in Gadarif Crops Market. Thus, the weak competitiveness of the crop discourages the production of the crop for export. Table 11 explains the distribution of the market surplus spread of sorghum among different participants of the market during the period of 2000 to 2011. Table 11 shows that the sorghum farmers' share in the consumer price decreased from 78% in 2009-2010 to 7 and 60% in 2010/2011 and 2011/2012 seasons, respectively, indicating continuous deterioration in their marketing facilities. With regard to the retailers, their price share in the same seasons is improved. It increased from 11 to 12 and 29% for the same seasons, respectively. This situation is attributed to the weak market facilities of transport, handling and information. The wholesalers of sorghum gained an average of 13% in the same seasons. Table 12 shows the summary of price spreads and margins of sesame in the period, 2009-2011, in Gadarif state. Table 12 shows that sesame farmers' price share has decreased during the three seasons of the analysis. It decreased from 62% of total price in season 2009/2010 to 59 and 52% in seasons 2010/2011 and 11/2012, respectively. This situation can be attributed to the higher costs of harvesting in the end of the season because of the lack of finance. Thus, farmers are forced to engage in costly traditional forms of finance, namely the Sheil. Therefore, they sell their products at lower prices to perform their financial obligations. Unlike farmers, wholesalers and retailers gain a relatively higher share in the consumer price. They reported an average of 19 and 24%, respectively, in the last two seasons. Table 13 shows the summary of price spreads and margin of millet in Gadarif state in the period, 2009-2011. Table 13 explains that the farmers of millet gained 75, 60 and 66% of the price margin in the later three seasons, respectively. The low price share of farmers is due to the fact that millet is not considered as the main food source in Gadarif state.
Price margin spread analysis
Price margin spread of sesame
Price margin spread of millet
In conclusion, the higher shares of different market players instead of the real producers discourages the production and causes problem of accessibility in the food and consequently jeopardizes the food security of the whole country. These results are consistent with most relevant studies. For example, that of Davis (2015) in Uganda and Yousif (2010) in Sudan.
Consumption of main crops
Consumption of cereals produced in the state can be categorized into three types: local consumption, incountry consumption and export. Analysis of consumption of these cereals is explained as follows:
Sorghum Figure 4 shows that an average of 55% of the produced sorghum in the period of 2009-2011 is consumed locally in the state; 28% for export and 17% transported to other states of the country. However, the higher share of local consumption of sorghum is explained by smuggling across borders and states as avoidance of fees and regulations. Regarding the quantity exported, the main importer of sorghum to the state is Ethiopia.
In-country consumption of sorghum
As sorghum is considered the main source of food in the Eastern and Central parts of the country, many states depend on the one produced in Gadarif State. Figure 5 shows the percentage of transported quantities of sorghum to the different states. Figure 5 shows that among the different states receiving the transported sorghum from Gadarif State, Kassala, Red Sea and Khartoum states shared higher rates. They received averages of 35, 30 and 22%, respectively during the period of 2009-2011. It is noteworthy that part of the quantity of sorghum transported to Kassala and Red Sea states is used for export to Eritrea and Ethiopia.
In-country use of sesame Figure 6 shows that of 90% of the produced sesame in the state is transported to the Red Sea state for export, and the remaining quantity is used by local oil industries.
DISCUSSION
Regressions results of the agricultural supply response analysis revealed that of different explanatory variables tested for different crops, finance and price variables were found to be insignificant. The reasons for these results are as follows:
1. The inefficiency of the market channels caused by the poor roads and various fees imposed on these commodities; 2. The problem of banking finance flow; where farmers receive their loans in the end of the seasons after they are forced to be involved in costly traditional forms of finance; 3. Most of the agricultural finance are directed to other sectors especially the commerce. The results also revealed that of the 90% of the sesame transported to the Red Sea State is for the purpose of export. However, smuggling across borders and states may be comprehensible as traders face heavy fees and taxes and complicated administrative regulations. The analysis of basic food consumption shows that, the higher smuggling reduces the supply and consequently makes the prices of these commodities to increase. Moreover, the various fees and cost involved in transportation, handling and other operations force producers to demand higher prices. The households' food expenditure has higher share in their income. Thus, in the period, 2007 to 2010, the average is 68.5% of the total income, indicating the importance of food in the consumer bundle in the state. This higher share of food in consumer expenditure makes the prices of food to increase.
According to the price margin spread analysis, the higher share of various market players and the different administrative and services fees cause increase in prices of agricultural commodities. The export prices of some commodities were higher than the export parity prices causing higher markets in-efficiency and lower competitiveness of most of the agricultural commodities in the state and the country.
Conclusion
Considering the results of this study, the following policy measures are recommended to promote the situation of price stability and food security in both the state and the country:
1. Small-scale business like oil pressing, vegetable processing and flour industries should be encouraged to utilize the opportunity of the world high food prices increasing to optimize Gadarif state's huge agricultural potential. 2. Smallholder's farmers need to be organized in practical and effective ways that protect their interests in production and marketing. The existing unions and farmers' associations are almost nonfunctional and only serve the wellbeing of large and wealthy farmers, traders and politicians. 3. Promotion of improved agricultural and market infrastructure of roads, stores and communications are highly needed to reduce transportation and handling costs. 4. The development of an effective information base and the wide publication of marketing information help farmers in marketing and exporting their products which would be a major contribution to better production and marketing. 5. Improving the access of farmers to financial resources through an effective microfinance strategy that protect farmers against the exploitation of traditional forms of loans. The current microfinance systems are too complicated and inefficient to be of value for potential clients. 6. Reduction of in-country and cross border smuggling by setting reasonable fees and taxes to stabilize the food prices. 7. Strengthening the role of the Strategic Reserve Corporation to perform its role of intervening in the high production seasons to protect farmers from price fall and maintain food security. 
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